Significant research efforts in population health and urban planning are focused on identifying environmental determinants of health behaviors. The presence and proximity of a range of destinations has been positively correlated with walking for transport. [1] [2] [3] [4] [5] Similarly, the spatial accessibility of different food outlets has been examined in relation to dietary behaviors, weight status and obesity, 6 and the density of alcohol outlets examined with drinkrelated health outcomes 7 and rates of violence. 8 Environmental studies have used spatially referenced data in Geographic Information Systems (GIS) to identify and locate different destinations present within study participants' neighborhoods. These data are typically derived from secondary sources such as local government listings of land use, cadastral ownership or taxation and valuation records, and commercial listings such as telephone or business directories (eg, yellow and white pages). 4, 9 This presents a number of issues. First, these databases are not developed for research purposes but rather to meet land administration and governance requirements, or for marketing and advertising purposes which are dependent on voluntary inclusion. 9, 10 Second, the data may not be available for all geographic localities, providing incomplete coverage across areas of interest. Where data are available, the geographical units at which they are collated (eg, zip code or census block) may not be at a scale or resolution comparable to the neighborhood level or activity space of the participant cohort whose behavior is being studied. The currency of the data (ie, when it was last updated) is also an important consideration. Finally, land use or destination classification schemas may vary across datasets, or localities; making comparisons and/or compilation of data across sources difficult. 11 The classification systems may also not adequately discriminate land uses or destinations of interest for physical activity or public health research.
The completeness of commercially derived data is another major concern. Many telephone or commercial directories are compiled via voluntary inclusion of businesses, often with some associated costs. Businesses that do not advertise are thus not captured. Commercially derived data alone may not therefore adequately represent the richness of the neighborhood destinations experienced by residents.
Validation studies to date have focused on specific types of destination-namely food outlets and physical activity facilities. Three studies showed mixed findings across commercial databases and by the type of food outlet. [12] [13] [14] All identified more food outlets on-the-ground than listed in any of the commercial databases. Boone and colleagues 15 validated a commercial database of physical activity facilities in the US. They found mixed levels of agreement with a field audit and an overall concordance of 0.42 for all facilities (95% CI 0.48-0.60). The commercial dataset, again, tended to under represent facilities compared with field audit. A Canadian study 16 also reported varied agreement with field observations of commercial (0.73) and the internet-based lists (0.60) of food stores and commercial physical activity establishments. This time the commercial list over-represented the availability of food store establishments, mainly attributable to establishments no longer being in business.
Few researchers have used on-the-ground observations to validate the completeness of GIS datasets representing a broader range of destinations (both numbers and types) thought to be important for encouraging physical activity behaviors. 10 Hoehner and colleagues 17 examined the concordance of 2 commercial databases of a range of business types. Results showed appreciable differences in the numbers and types of destinations indicated by the different databases. This highlights the potential variation in environmental measures obtained from different commercial sources.
Results from these studies emphasize how the uncritical acceptance and use of secondary sourced spatial data may under-estimate (or over-estimate) associations between the presence and mix of destinations and health behaviors. In addition, all published validation studies were conducted in North America. Studies are needed to assess the validity of secondary data sources in other countries.
As part of the evaluation of the Western Australian state governments' planning policy, the "Liveable Neighborhoods Community Design Code," on the physical activity behaviors of residents, a key objective of the RESIDential Environments Project (RESIDE) 18 was to develop objective measures of destinations within study participants' neighborhoods across Perth (Western Australia). The Government-sourced database of land uses across Perth I contained categories that were too broad (ie, retail or commercial) to adequately discriminate between specific destinations of interest (eg, supermarket, pharmacy, bakery, bank). A variety of business listings, commercial datasets and search engines now exist in Australia, including the Yellow Pages that provide destination data at the required level of detail. Apart from paying for advertisements (of varying cost) in the Yellow Pages there is provision for businesses to list their phone numbers for free-of-charge, making it a popular choice for a wide variety of businesses. The Yellow Pages was therefore identified as a single data source of specific destination types relevant to the RESIDE project. The study aimed to validate the accuracy of the Yellow Pages representation of the presence and numbers of different types of destinations against an on-the-ground field audit, and in doing so assess its suitability as a stand-alone dataset in providing adequate coverage of a variety of destinations.
Methods

Study Areas
The study was conducted in and around (800 m Euclidean buffer) 5 housing developments included in the RESIDE project ( Figure 1 
GIS Databases
The Yellow Pages contains listings of registered business details under 3000 plus headings (ie, destination categories). In May 2009, the data custodians of the Australian Yellow Pages (Sensis Pty. Ltd.) were provided with a spatial polygon data set representing the 2 study areas. Sensis were asked to extract and geocode all businesses listed under a subset of Yellow Pages Headings (n = 247) from the printed and web-based Perth metropolitan Yellow Pages listing (extract 1) that were located within the study areas. The selected Yellow Pages Headings reflected the types of destinations listed in the Neighborhood Environments Walkability Scale (NEWS) 19 and those previously obtained by RESIDE (Table 1) . Interestingly, the Yellow Pages contained a number of headings relating to schools and educational institutions. Data on such destinations have typically been derived (and were obtained by the RESIDE study) from government-based sources. The schools listings were included in the current study out of interest by the authors to assess the accuracy of a commercial source (ie, one not usually synonymous with providing such data) in identifying these destinations. We subsequently identified that the extraction fell during the canvassing period for the printed directory (ie, canvassing mid-February to late August with publication in November) and may therefore have been incomplete. A later extraction was requested in November 2009 (ie, extract 2). On this occasion an additional street network database was also used to geocode the records, to further improve the completeness of the data extraction. We subsequently discovered that data for listed businesses that could not be geocoded had not been provided in either extraction. Thus, A third extraction of all listings (ie, geocoded and ungeocoded) available in November 2009 was requested, and any ungeocoded addresses were manually geocoded (extract 3). The 3 different data extractions obtained from Sensis and the geocoding methods used are outlined in Figure 2 . Field data capture was undertaken using Personal Digital Assistants (ASUS MYPAL A696 pocket PC) with ArcPad software. 20 The auditors orientated themselves using the aerial photography, cadastral parcel outlines and the GPS cursor displayed. Using the Western Australian Standard Land Use Classification (WASLUC) codes 21 destination types were assigned to point features, located at the centroid of the cadastral parcel. The WASLUC codes define land use(s) across 13 broad categories, under which over 1000 detailed land uses or services are listed, with unique identifiers. More than 1 land use was allocated where multiple destinations were present on the same cadastral parcel. All WASLUC codes and Yellow Pages headings were then assigned to 1 of 3 broad land use 'superclasses' and 14 more specific subclasses of interest ( Table 1 ). The authors devised this classification system to classify destinations based on the specific needs or purposes of a trip, and the types of goods sold, services offered or activities undertaken at that destination 22 and thought to be more relevant to different physical activity behaviors.
The Yellow Pages were found to contain multiple records of the same business because some businesses were listed: 1) in both the on-line and printed version, 2) listed across multiple categories, 3) more than once due to inconsistencies in the spelling and formatting of the record, and 4) with other businesses at the same address. For example, in the latter case, medical centers included listings for each registered practitioner, resulting in multiple records for 1 center. Each extract was therefore manually inspected and duplicate records removed. Table 2 identifies the types of duplicate listings found and the solutions employed to clean the records. Retail and trade: goods and services
Convenience goods
Sale of food for consumption off the premises: 
Data Analysis Comparing Yellow Pages Extracts
The 3 Yellow Pages extracts were compared to assess for differences between listings. Individual records were manually compared between extracts to identify if they were listed (ie, present) in each and agreement statistics computed. The number of records in each extract by land-use subclasses was also compared and agreement statistics computed.
Validating Completeness of the Yellow Pages Listings vs. Field Audit
Consistent with previous studies, 13, 16 validity or completeness of the Yellow Pages extracts was computed as the ratio of the count of businesses present on the Yellow Pages listings to the count of those identified via field audit (taken as the criterion measure). For each study area an aggregate measure across all land use categories was computed, as well as for each of the use subclasses. The agreement measure was categorized and interpreted as previously defined by Paquet and colleagues. 16 However, due to the possibility of destinations being listed within the Yellow Pages that were not observed on the ground the agreement ratio could exceed 1.0, and so additional categories were devised: ≤ 0.30 poor; 0.31-0.50 fair; 0.51-0.70 moderate; 0.71-0.90 good; 0.91-1.10 excellent; 1.11-1.30 good; 1.31-1.50 moderate; 1.51-1.70 fair; ≥ 1.71 poor. Table 3 outlines the numbers of records listed within the 3 Yellow Pages extracts for both study areas before and after cleaning to remove duplicate records. All extracts, except for the Area B May 2009 extract, contained duplicate records. After cleaning, the number of records obtained from Sensis increased with the later extract and additional geocoding methods in both study areas: the November 2009 extract identified 20% more records than the May extract for Area A and more than double (128.6%) for Area B. After manually geocoding the additional records in the November extract, a further 34% (Area A) and 12.5% (Area B) of records were identified. Levels of agreement between the different extracts varied from 0.58-0.89 in Area A (moderate to good) and 0.31-0.87 (fair to good) in Area B. Agreement increased with additional geocoding (Table 4 ). The pattern was generally the same but agreement ratios were higher when comparing the listings by land-use subclass (Table 5) .
Results
Comparing Yellow Pages Extracts
Comparing Yellow Pages Listings and Field Audit Findings
Overall agreement in the count of all destinations listed within the Yellow Pages database varied by study area, the timing of the data extract and geocoding method used (Table 6 ). Agreement ratios were higher in Area A (Brownfield site located within an established inner metropolitan suburb) compared with the new suburban Greenfield site (Area B) across all 3 extracts and land-use subclass. The Yellow Pages listings as at May 2009 showed moderate agreement (0.60) with the audit for Area A and poor agreement (0.29) for Area B (Table 6 ). Agreement improved (Area A 0.72; Area B 0.67) in both study areas when the later extract (November 2009) and an additional street reference database for geocoding was used. There were further modest improvements in agreement statistics with the inclusion of the additional manually geocoded listings-indicating that the Yellow Pages identified about three-quarters of all the destinations actually present within the study areas (Area A 0.76; Area B 0.71) with the inclusion of the manually geocoded records. Differences were also evident in the relative agreement statistics across land use subclasses in both study areas. Across all extracts, and in both areas, there was a consistent under-representation of food and drink establishments: under half (0.46) of the 82 food and drink establishments identified via field audit in Area A were listed in the Yellow Pages whereas none of these destinations in Area B were listed. Even after substantive cleaning of the medical and health care related listings, higher counts of these destination types were observed from the Yellow Pages listings compared with audit findings in both study areas and across all extracts, other than the Area B May 2009 extract where fewer were listed (Table 6 ). Convenience goods, services, sport and recreation facilities (not including parks and other areas of public open space) and libraries, galleries and museums showed excellent levels of agreement in basic terms of a count of the number of establishments present in Area A (Table 6 ).
Discussion
With an increasing focus on how different land uses or destinations influence health behaviors (ie, physical activity, healthy eating, smoking and alcohol consumption), understanding how accurately secondary GIS data represent the realities of the built environment has become a priority.
In line with previous studies, [13] [14] [15] [16] [17] our results showed that there is 1) considerable variation between different extracts from the same commercial dataset, and 2) appreciable over-and under-counting of different destination types compared with field audit findings. The variable levels of agreement observed, both here and in previous studies, serve to highlight the variability between commercial datasets in terms of their completeness and accuracy. Care should therefore be taken when requesting and using data from commercial providers to ensure it is fit for purpose. For example, in this study, we identified that nuances in the construction of the Australian Yellow Pages database necessitated substantive time and effort to clean the data and remove duplicate listings of destinations (even for a relatively small portion of the greater Perth Metropolitan area). Failure to do so would have resulted in a substantial over-estimation of actual on-the-ground counts of particular types of destinations.
Notably, there were substantial differences in the listings obtained from the different extracts. In addition, in new areas it is possible that there were problems associated with the geocoding process from the use of out-of-date street reference datasets that did not include newly built roads where these new destinations were situated. The use of a later and additional street network dataset during the geocoding process at November 2009 may also account for the increase number of listings obtained compared with the May 2009 extract.
Discrepancies in agreement ratios between the Sensis and the field audit findings were observed by destination types, similar to findings of Hoehner and colleagues 17 and others studying different types of food outlets 12, 14 and physical activity facilities. 15, 16 Our findings indicated inconsistencies in the patterns of counts of destinations across land use subclasses. This suggests that the data would have both under-and over-estimated the true exposure to different destination types (ie, presence and density of) within a participants' neighborhood. This is especially important to consider if concerned with accurately identifying the mix of destinations present. Specifically, we found poor levels of agreement for 'eating and drinking establishments,' a finding consistent with other studies, 12, 14 that reported identifying significantly more food outlets via field audit compared with those listed in any of the commercial databases validated. A possible explanation for the errors across destination types could be due to differences in the types of businesses that advertise with the Yellow Pages. For example, the biggest segment in the Yellow Pages directory is "My Home." This includes all businesses related to home improvements retail and trade (eg, large DIY and hardware stores). Due to the nature of the goods sold, these destinations are not generally considered "walkable" local destinations. Small cafes, restaurants and independent businesses on the other hand may be less likely to advertise. Different commercial databases may also specialize in advertising/marketing certain business types, or have larger sections of destination types that advertise with them. It may also be important to consider the market share of the commercial database obtained against that of other commercial providers and search engines. This may be of particular importance if obtaining repeated extracts of data over time for longitudinal analyses. Changes in market share, and therefore the number of businesses choosing to advertise with that provider, may incorrectly indicate apparent changes in the destination environment (ie, the number or density and type). These results highlight that reliance on commercial databases, alone and without appropriate scrutiny, may not accurately represent the number of destinations said to be present in given areas-thereby misrepresenting the true exposure to the mix of destinations actually present.
Combining multiple commercial datasets as a strategy for reducing count errors and improving coverage may be difficult or impractical due to a lack of standardized classifications and common identifiers to match businesses. 17 Government-based databases of businesses or land uses for taxation or licensing purposes (eg, outlets licensed to sell alcohol or tobacco products) may offer a suitable alternative to commercially derived datasets. However, if combined with commercial datasets that may suffer from under-reporting, this could result in an over estimation of certain destination types in relation to the actual mix of all destinations present, thereby skewing the built environment exposure measure over the area of interest.
Study Limitations
Unlike other studies 13, 14 ground-truthing the presence or absence of specific business listed by the commercial provider was not undertaken for this study. While this may be seen as a limitation, in this study the type of destination (eg, convenience store), rather than a specific destination (ie, John's Convenience Store) was the critical focus. Recent work in the physical activity field has focused upon identifying the mix of land uses needed to encourage walking behaviors. As such we were interested in the mix of destination types present and hence the validation study focused on counts of different types of destinations.
The use of different classification schemas for the field audit to that used by the Yellow Pages may have resulted in some misinterpretation and misclassification when matching the 2 datasets. However, as both schemas were coded into broader land-use categories we are satisfied this would have been minimized if not avoided.
Under representation of businesses might have occurred due to a lack of accessibility to premises by field auditors. This was identified early on and despite the best efforts of the auditors' to identify all individual destinations, businesses colocated in another business' premises or in the upper stories of locked buildings could have been missed. The discrepancies in observed over-counts of medical and health care destinations may actually be one example of under reporting in the field. Where a medical center identified in the field had external signage indicating the presence of multiple services (ie, physiotherapist or dietician), multiple counts were recorded for that center (ie, 1 for each service). However, where different services could not be identified just 1 count for that medical center was recorded. Multiple Yellow pages records may however have been preserved for such medical centers where the various different services were registered with Yellow Pages.
Finally, while the 2 study areas were relatively small, they would appear to be representative of types of neighborhoods within the RESIDE project and are typical of inner and outer suburban developments across Perth.
Conclusions
A unique feature of this study was its attempt to validate commercial Australian-based GIS data representing a broad range of land uses or destinations thought to be important for encouraging physical activity behaviors (and that may also be important for other health behaviors), rather than focusing on just 1 particular type of destination alone (ie, food / alcohol outlets or physical activity facilities).
The results of this study support previous findings that data from commercial databases must be treated with caution. These data may contain errors rendering them unfit for purpose. This has important implications for the robustness of the reported associations with public health behaviors to date: error in these data may be under-or over-representing the true neighborhood exposure to a mix of destinations. The relationships between the environmental exposures and health behavior outcomes may therefore be attenuated, 13 thereby invalidating conclusions drawn 13, 15 and misrepresenting the potential public health policy implications of research utilizing these secondary data sources. 14 More work is now needed to assess just how accurate (ie, complete) commercial datasets need to be and how the level of error within these environmental exposure measures (ie, under and/or over estimation of destination numbers and types) attenuates relationships with health behavior outcomes? This is important as the research field now moves to trying to identify the specific mix and thresholds of numbers of destinations required for successful mixed-use development to encourage health behaviors and active and sustainable transportation choices (eg, walking)
Obtaining data from secondary sources for use in public health research is a case of 'buyers beware.' It is up to the buyer, or user, of the data to consider whether the measures obtained, and the form in which the data are provided, are fit for the purposes of which they are intended to be used in physical activity or public health research. Table 7 outlines some important points to consider when requesting and using data from commercial providers.
Table 7 The Devil in the Detail-Recommendations for Using Commercial GIS Data
Establish sources and timings of data extracts:
• Request book (printed) and web based listings-not all businesses appear in both 
